Introduction
============

Glioma accounts for the great majority of primary tumors in the central nervous systems of adults.[@b1-ott-10-113] The prognosis of glioma is poor, with a median survival of only 12--15 months.[@b2-ott-10-113] One and five year survival rates are \<20% and 5%, respectively.[@b3-ott-10-113] Therefore, it is necessary to identify novel biomarkers specific to the stages of glioma or to the susceptibility of gliomas to anticancer agents, which may be helpful to develop more rational and effective therapies.

Long noncoding RNAs (lncRNAs) are transcripts longer than 200 nucleotides with little or no protein coding function. They are considered a new class of regulatory ncRNAs. In recent decades, it has been reported that aberrant expression of many lncRNAs play important roles in a large range of biological processes and diseases, especially in cancer biology.[@b4-ott-10-113] Furthermore, lncRNAs are frequently observed in cancers involved in carcinogenesis and cancer progression which indicates that dysregulated lncRNAs could probably serve as novel biomarkers for early diagnosis, effective therapeutic targets, and prognosis prediction of malignant tumors. For instance, overexpression of metastasis-associated lung adenocarcinoma transcript 1 (MALAT1) indicates worse prognosis in lung cancer patients.[@b5-ott-10-113] LncRNA ZEB1-AS1 promotes tumorigenesis and predicts poor prognosis in glioma.[@b6-ott-10-113] Increased lncRNA SNHG20 indicates a poor prognosis for colorectal cancer.[@b7-ott-10-113] Together, these observations provide evidence and support for potential roles for lncRNAs in tumor development and progression.

Highly upregulated in liver cancer (HULC), located on chromosome 6p24.3 and conserved in primates, is overexpressed in hepatocellular carcinoma (HCC).[@b8-ott-10-113] Aberrant expression of lncRNA HULC has been reported in HCC,[@b9-ott-10-113],[@b10-ott-10-113] and its potential as a diagnostic biomarker has been proposed.[@b11-ott-10-113],[@b12-ott-10-113] In addition to its influence in HCC, HULC also plays an important role in the growth and tumorigenesis of human gastric cancer (GC).[@b13-ott-10-113] HULC may also serve for regulating growth in human pancreatic cancer.[@b14-ott-10-113] However, the implication of HULC in glioma was still unclear. The present study determined the expression level of HULC in glioma tissues and cell lines and then explored its clinical values as a biomarker for diagnosis and prognosis prediction of glioma. Later, it further investigated the role of HULC expression in the regulation of glioma cell proliferation and colony formation in vitro.

Materials and methods
=====================

Patients and tissue specimens
-----------------------------

Seventy glioma samples were acquired from patients who experienced surgery resection from May 2011 to September 2015 at the Department of Neurosurgery, Anhui Cancer Hospital (Heifei, People's Republic of China). Twelve normal brain tissues were used as controls. Disease diagnosis and classification were made by pathological examination based on the World Health Organization (WHO) classification system. Tumor and normal specimens were snap-frozen in liquid nitrogen and stored at −80°C immediately after resection. Patients who had ever undergone radiotherapy, chemotherapy, and surgery were excluded from this study. The protocol of this study was approved by the Ethics Committee of Anhui Provincial Hospital affiliated to Anhui Medical University. The work undertaken conforms to the provisions of the Declaration of Helsinki. Written informed consent was obtained from all patients.

Cell culture and transfection
-----------------------------

The human glioma SHG44, U251, and U87 cell lines were obtained from the American Type Culture Collection (ATCC, Rockville, MD, USA) and were cultured in Dulbecco's Modified Eagle's Medium with 10% fetal bovine serum (GIBCO, Carlsbad, CA, USA) in a humidified atmosphere of 5.0% CO~2~ at 37°C. HULC expression was modified by gene knockdown through lentivirus vector. For knockdown, si-HULC (target sequence: 5′-GCCTTTACAAGGGAATGAAGA-3′) was used for further studies. The pCDNA3.1-HULC plasmid and siRNA were synthesized by GenePharma (Shanghai, China), both using Lipofecamine 2000 Transfection Reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's directions. Assays were conducted at 48 h after transfection.

RNA isolation and quantitative polymerase chain reaction (PCR)
--------------------------------------------------------------

Total RNA was isolated from tissue samples or cultured cells using TRIzol reagent (Invitrogen) according to the manufacturer's instructions. cDNA was generated by reverse transcription of 1 µg of total RNA using Thermo Scientific RevertAid First Strand cDNA Synthesis Kit (Thermo Fisher Scientific, Wilmington, DE, USA). Quantitative reverse transcription polymerase chain reaction (qRT-PCRs) were conducted using SYBR Green real-time PCR Kit (Takara, Dalian, China) to detect the expression of lncRNA HULC. Results were normalized to an endogenous control (GAPDH). The primers for HULC were 5′-ACCTCCAGAACTGTGATCCAAAATG-3′ and 5′-TCTTGCTTGATGCTTTGGTCTG-3′; the primers for GAPDH were 5′-CCCATCACCATCTTCCAGGAG-3′ and 5′-GTTGTCATGGATGACCTTGGC-3′.

Cell viability assay
--------------------

Cell viability was measured with the Cell Counting Kit-8 (CCK-8) assay. Briefly, after exposing U87 cell to HULC overexpression or silencing for 1--4 days, 20 µL of CCK-8 (Beyotime, Shanghai, China) dissolved in phosphate-buffered saline (PBS) at a concentration of 5 mg/mL was added to the cancer cells and incubated in a CO~2~ incubator for 3 h. Cell viability was determined by measuring the absorbance of the converted dye at 450 nm. All the experiments were carried out in sextuplicate and repeated three times.

### Colony formation assay

Both nontransfected and transfected U87 cells were seeded in six-well plates at the density of 1,000 cells/well. After \~9 days, the cells were fixed with 4% paraformaldehyde for 30 min and stained with 0.1% crystal violet (Beyotime Institute of Biotechnology, Shanghai, China) for 30 min. Next, the plates were washed mildly with PBS before being air-dried, and the stained colonies were photographed using a high-resolution camera. The experiments were performed at least in triplicate.

Statistical analyses
--------------------

Statistical Package for the Social Sciences (SPSS) 19.0 software system (IBM Corporation, Armonk, NY, USA) was used for statistical analysis. All values were described as mean ± standard deviation. The Student's *t*-test was used for comparisons between groups. A chi-square test was applied to determine the association of HULC levels with clinicopathological features. Overall survival (OS) was the time interval from the date of surgery to death from glioma or to the most recent follow-up. Survival curves were estimated with the Kaplan--Meier method, and differences were compared using the log-rank test. Univariate and multivariate analyses were performed using Cox proportional hazards regression models, and hazard ratios (HRs) for variables corresponding to OS were calculated. And a two-sided *P*-value of \<0.05 was considered statistically significant.

Results
=======

Expression of lncRNA HULC is upregulated in glioma tissues
----------------------------------------------------------

To investigate the implication of this lncRNA in glioma, this study detected the expression levels of HULC in 70 glioma tissues and 12 normal brain tissues by qRT-PCR. As shown in [Figure 1A](#f1-ott-10-113){ref-type="fig"} and [Table 1](#t1-ott-10-113){ref-type="table"}, expression of HULC was statistically upregulated in glioma tissues compared with the normal brain tissues (both *P*\<0.01).

Relationship of lncRNA HULC expression with clinicopathological features of glioma patients
-------------------------------------------------------------------------------------------

To further elucidate the significance of HULC in glioma, we calculated the correlation of HULC expression with clinicopathological features of 70 glioma patients ([Table 2](#t2-ott-10-113){ref-type="table"}), finding that highly expressed HULC was positively associated with age and tumor grade (*P*=0.024 and *P*\<0.001, respectively). However, no association of HULC expression with gender, tumor size, tumor location, and tumor nodule number was detected. Thus, it was speculated that HULC might have important implications for the progression of glioma.

High expression levels of lncRNA HULC were significantly related to reduced OS of glioma patients
-------------------------------------------------------------------------------------------------

In order to further determine the prognostic significance of lncRNA HULC in glioma, this study examined the relationship of HULC levels with OS rates through Kaplan--Meier analysis and log-rank test in 70 glioma cases, discovering that high HULC expression might predict a poor OS (*P*=0.007; [Figure 1B](#f1-ott-10-113){ref-type="fig"}).

LncRNA HULC expression was a potentially independent prognostic marker for glioma patients
------------------------------------------------------------------------------------------

Results of univariate Cox regression analysis revealed that HULC overexpression (HR =0.422, 95% CI: 0.220--0.806, *P*=0.009), age (HR =0.505, 95% CI: 0.262--0.974, *P*=0.042), and the clinical grade (HR =0.236, 95% CI: 0.072--0.773, *P*=0.017) were prime variables for glioma prognosis ([Table 3](#t3-ott-10-113){ref-type="table"}). Furthermore, with gender, tumor size, tumor location, and tumor nodule number as covariates, multivariate Cox regression analysis indicated that highly expressed HULC (HR =0.340, 95% CI: 0.175--0.659, *P*=0.001) and age (HR =0.390, 95% CI: 0.200--0.762, *P*=0.006) were independent prognostic factors for OS of glioma prognosis ([Table 3](#t3-ott-10-113){ref-type="table"}).

Manipulation of HULC levels in glioma cancer cells
--------------------------------------------------

Next, qRT-PCR analysis was performed to examine the expression levels of HULC in glioblastoma cell lines and normal brain tissues, finding that they were significantly higher in three high-degree glioblastoma cell lines (SHG44, U87, U251) than in the normal brain tissues (*P*\<0.01; [Figure 2A](#f2-ott-10-113){ref-type="fig"}).

To further examine the role of HULC in glioma, U87 cell line was selected for further analysis, and a pCDNA/HULC vector or si-HULC was transfected into U87 cells, respectively. qRT-PCR analysis of HULC levels was performed at 48 h post-transfection and revealed that HULC expression was increased 118.33-fold in U87 cells, compared with control cells. However, the si-HULC could silence HULC expression effectively in U87 cells, compared with the nonspecific siRNA (si-NC) groups (*P*\<0.01; [Figure 2B](#f2-ott-10-113){ref-type="fig"}).

Effect of HULC on cell proliferation in vitro
---------------------------------------------

The significant increase of HULC expression in glioma samples prompted us to explore the possible biological significance of HULC in tumorigenesis. Cell proliferation was examined through CCK-8 and colony formation assays after overexpression or depletion of HULC in U87 cells. CCK-8 assay revealed that cell growth was significantly increased in pCDNA/HULC-transfected cells compared with respective controls (*P*\<0.01; [Figure 2C](#f2-ott-10-113){ref-type="fig"}, left), while proliferation was impaired in U87 cells transfected with si-HULC (*P*\<0.01; [Figure 2C](#f2-ott-10-113){ref-type="fig"}, right). Similarly, the result of colony formation assay revealed that the number of U87 cell colonies was significantly increased by forced expression of HULC or decreased following inhibition of HULC in U87 cells ([Figure 2D](#f2-ott-10-113){ref-type="fig"}).

Discussion
==========

To date, \>3,000 lncRNAs have been identified and only a small number of functional lncRNAs have been well characterized.[@b15-ott-10-113] Increasing reports of aberrant expression of lncRNAs across numerous cancer types suggested that some lncRNAs could promote the formation and development of tumors.[@b16-ott-10-113]--[@b18-ott-10-113] With regard to these latter effects, expression levels of certain lncRNAs have been shown to be associated with the recurrence, metastasis, and prognosis of various cancers (HCC, gastric carcinoma, and breast carcinoma).[@b19-ott-10-113]--[@b21-ott-10-113] Therefore, lncRNAs may provide a missing piece of the otherwise well-known oncogenic and tumor suppressor network puzzle.

Glioma is a complex genetic disease and despite all the progress achieved by basic and clinical research in recent years, the molecular genetic mechanisms involved in the pathogenesis of glioma are not yet clear. LncRNA expression has not been well explored in glioma, and the knowledge of how lncRNAs act in glioma cells remains very limited. This study evaluated the expression of HULC, which is a lncRNA that is associated with the metastatic processes of tumors in glioma samples.[@b8-ott-10-113],[@b13-ott-10-113],[@b14-ott-10-113],[@b22-ott-10-113]

Previous studies reported HULC was a negative prognostic factor for liver cancer,[@b8-ott-10-113] and clinical data showed that HULC expression in HCC tissues was significantly increased as compared with that observed in normal liver tissues.[@b15-ott-10-113],[@b23-ott-10-113] Moreover, HULC plays pivotal roles in aberrant lipid metabolism in HCC through miR-9/PPARA/ACSL1/cholesterol/RXRA/HULC signaling.[@b24-ott-10-113] In addition, hepatitis B virus X protein (HBx) could upregulate HULC expression in human immortalized normal liver LO2 cells and hepatoma HepG2 cells, and upregulation of HULC by HBx could promote proliferation of hepatoma cells through suppressing p18.[@b25-ott-10-113] Based on the previous reports, HULC plays an important role in liver carcinogenesis and acts as an oncogenic ncRNA. HULC has been demonstrated to act as a microRNA (miRNA) sponge that binds to and reduces the expression of a number of miRNAs, including miR-372. The reduction of miR-372 expression leads to increased expression of its target PRKACB, which in turn induces CREB phosphorylation. This process results in alterations in the patterns of the deacetylation and methylation of histones, which leads to chromatin remodeling and influences the expression of a series of genes.[@b26-ott-10-113]

This study first discovered that the expression of lncRNA HULC significantly increased in glioma tissues. Furthermore, it explored the association between HULC expression and clinical characteristics of glioma patients, finding that its expression was significantly related with age and tumor grade, suggesting its crucial role in glioma. Analyses of the relationship between high versus low levels of HULC expression in glioma patient survival, as performed using the Kaplan--Meier analysis and log-rank test, indicated that overexpression of HULC had a decreased rate of OS. More importantly, multivariate Cox regression analysis provided evidence that both age and HULC expression could serve as independent poor prognostic factors in patients with glioma. These results are in accord with other findings which show that HULC is correlated with tumor size, lymph node metastasis, and vascular invasion in gastric and pancreatic cancers.[@b13-ott-10-113],[@b14-ott-10-113]

In addition, research on function and mechanism of HULC was conducted in cell models to determine the precise role of HULC in glioma. Sun et al provided evidence that highly expressed HULC could enhance the proliferation, migration, and invasion ability of osteosarcoma cells.[@b27-ott-10-113] This study observed that elevated expression of HULC promoted proliferation and colony formation of glioma cells, which HULC depletion inhibited cell viability and colony formation in vitro. These findings revealed that HULC might be involved in glioma progression, stimulating new research directions and therapeutic options. Li et al discovered that high expression of HULC, greatly inducing the expression and activity of HULC, which were associated with an increase in epithelial-mesenchymal transition (EMT)-related parameters by sequestering miR-200a-3p in HCC cells.[@b23-ott-10-113] Thus, it is speculated that lncRNA HULC could affect the cell migration and invasion through the HULC--EMT pathway in glioma patients. Liu et al indicated that the competitive endogenous RNA (ceRNA) activity of lncRNA HOX transcript antisense intergenic RNA (HOTAIR) imparted a miRNA/lncRNA trans-regulatory function to protein-coding mRNAs, and there may be many other lncRNAs that function as ceRNAs to regulate the expression of key genes in cancer.[@b28-ott-10-113] Thus, the identification of ceRNAs will undoubtedly enhance the knowledge of how lncRNAs function, allowing us to better understand the pathogenesis and development of cancer and ultimately facilitate the development of lncRNA-directed diagnostics and therapeutics against this deadly disease.

Conclusion
==========

In conclusion, this research confirmed elevated lncRNA HULC expression in glioma tissues and cell lines, and its overexpression may be indicative of higher risks for glioma progression and poor OS rate. These findings suggested that HULC would be an underlying prognostic marker and a new potential therapeutic target for the treatment of human gliomas. Manipulation of HULC expression using the gain and loss of function approaches affected glioma cell viability, colony formation, and gene expression in vitro. Future studies will further investigate the underlying molecular mechanisms by which HULC is overexpressed in glioma, and HULC expression contributes to glioma progression.
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![Relative expression of HULC in glioma tissues and its relationship with overall survival of glioma patients.\
**Notes:** (**A**) qRT-PCR analysis of HULC expression level in 12 normal brain tissues and 70 glioma tissues (*P*=0.001). (**B**) HULC expression was classified into two groups: HULC (low expression) and HULC (high expression). Kaplan--Meier survival curves and log-rank tests were used to evaluate survival in all patients (*P*=0.007).\
**Abbreviations:** HULC, highly upregulated in liver cancer; qRT-PCR, quantitative reverse transcription polymerase chain reaction.](ott-10-113Fig1){#f1-ott-10-113}

![The level of HULC expression in glioma cells and its effect on cell growth in vitro.\
**Notes:** (**A**) The expression of HULC in glioma cell lines (SHG44, U251, and U87) and normal brain tissues. (**B**) qRT-PCR analyses of HULC expression level following treatment of U87 cells with pCDNA/HULC vector and siRNA targeting HULC. (**C**) CCK-8 assay was performed to determine the proliferation of pCDNA/HULC or si-HULC-transfected U87 cells. Data represent the mean ± standard deviation from three independent experiments. (**D**) Colony formation assay was performed to determine the proliferation of pCDNA/HULC or si-HULC-transfected U87 cells. Colonies were counted and captured. \*\**P*\<0.01.\
**Abbreviations:** CCK-8, Cell Counting Kit-8; HULC, highly upregulated in liver cancer; NC, negative control; qRT-PCR, quantitative reverse transcription polymerase chain reaction; siRNA, small interfering RNA; si-HULC, HULC small interfering RNA; si-NC, nontargeting small interfering RNA; OD, optical density; Vec, vector.](ott-10-113Fig2){#f2-ott-10-113}

###### 

Expression of HULC in glioma tissues and normal brain tissues

  Groups           n    HULC expression, n (%)   *P*-value   
  ---------------- ---- ------------------------ ----------- -------------
  Normal tissues   12   3 (25.0)                 9 (75.0)    **0.008**\*
  Glioma tissues   70   46 (65.7)                24 (34.3)   

**Note:** Value in bold is significant (\**P*\<0.05).

**Abbreviation:** HULC, highly upregulated in liver cancer.

###### 

Correlation between lncRNA HULC expression and clinicopathological features of glioma patients

  Parameters             Total   HULC expression, n (%)   *P*-value   
  ---------------------- ------- ------------------------ ----------- ---------------
  Age (years)                                                         **0.024**\*
   \<45                  19      3 (15.8)                 16 (84.2)   
    ≥45                  51      23 (45.1)                28 (54.9)   
  Gender                                                              0.331
   Male                  49      20 (40.8)                29 (59.2)   
   Female                21      6 (28.6)                 15 (71.4)   
  Tumor size (cm)                                                     0.660
   \<4.5                 38      15 (39.5)                23 (60.5)   
    ≥4.5                 32      11 (34.4)                21 (65.6)   
  Clinical grade                                                      \<**0.001**\*
   Low grades I--II      10      9 (90.0)                 1 (10.0)    
   High grades III--IV   60      17 (28.3)                43 (71.7)   
  Tumor location                                                      0.670
   Frontal               24      7 (29.2)                 17 (70.8)   
   Parietal              4       2 (50.0)                 2 (50.0)    
   Occipital             9       5 (55.6)                 4 (44.4)    
   Temporal              15      5 (33.3)                 10 (66.7)   
   Others                18      7 (38.9)                 11 (61.1)   
  Tumor nodule number                                                 0.279
   Multiple              3       2 (66.7)                 1 (33.3)    
   Single                67      24 (35.8)                43 (64.2)   

**Note:** Values in bold are significant (\**P*\<0.05).

**Abbreviations:** HULC, highly upregulated in liver cancer; lncRNA, long non-coding RNA.

###### 

Univariate and multivariate analyses of OS rates in 70 glioma patients by Cox regression analysis

  Variables              Univariate analysis    Multivariate analysis                          
  ---------------------- ---------------------- ----------------------- ---------------------- -------------
  Age (years)                                                                                  
   \<45                  0.505 (0.262--0.974)   **0.042**\*             0.390 (0.200--0.762)   **0.006**\*
    ≥45                                                                                        
  Gender                                                                                       
   Male                  1.188 (0.644--2.189)   0.581                                          NI
   Female                                                                                      
  Tumor size (cm)                                                                              
   \<4.5                 0.959 (0.550--1.672)   0.882                                          NI
    ≥4.5                                                                                       
  Clinical grade                                                                               
   Low grades I--II      0.236 (0.072--0.773)   **0.017**\*             0.761 (0.249--2.323)   0.632
   High grades III--IV                                                                         
  Tumor location                                                                               
   Frontal               1.215 (0.551--2.680)   0.629                                          NI
   Parietal                                                                                    
   Occipital                                                                                   
   Temporal                                                                                    
   Others                                                                                      
  Tumor nodule number                                                                          
   Multiple              0.765 (0.185--3.164)   0.712                                          NI
   Single                                                                                      
  HULC expression                                                                              
   Low                   0.422 (0.220--0.806)   **0.009**\*             0.340 (0.175--0.659)   **0.001**\*
   High                                                                                        

**Note:** Values in bold are significant (\**P*\<0.05).

**Abbreviations:** CI, confidence interval; HULC, highly upregulated in liver cancer; NI, not included; OS, overall survival.
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